Acid sphingomyelinase amplifies redox signaling in Pseudomonas aeruginosa-induced macrophage apoptosis.
Recent studies indicate that distinct membrane microdomains, also named lipid rafts, and ceramide play an important role in infectious biology. Ceramide forms larger ceramide-enriched membrane platforms that are required for diverse signal transduction. In this study, we demonstrate that ceramide-enriched membrane platforms are critically involved in redox signaling that regulates alveolar macrophage apoptosis upon infection with Pseudomonas aeruginosa. In freshly isolated alveolar macrophages, P. aeruginosa infection results in rapid activation of acid sphingomyelinase (Asm), release of ceramide, and formation of ceramide-enriched membrane platforms, which are required for P. aeruginosa-induced activation of NADPH oxidase and production of reactive oxygen species (ROS). Inhibition of NADPH oxidase or removal of intracellular ROS reduced P. aeruginosa-induced activation of the Asm and formation of ceramide-enriched membrane platforms, suggesting that NADPH oxidase-derived ROS regulate Asm-initiated redox signaling in a positive feedback manner. Furthermore, stimulation of JNK and induction of apoptosis upon P. aeruginosa infections are dependent on NADPH oxidase-derived ROS. These findings indicate that ceramide-enriched membrane platforms are essential for amplification of Asm-mediated redox signaling, which mediates JNK activation and thereby apoptosis of alveolar macrophages upon P. aeruginosa infection.